Double minutes (dmin)-circular, extra-chromosomal amplifications of specific acentric DNA fragmentsare relatively frequent in malignant disorders, particularly in solid tumors. In acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS), dmin are observed in 1% of the cases. Most of them consist of an amplified segment from chromosome band 8q24, always including the MYC gene. Besides this information, little is known about their internal structure. We have characterized in detail the genomic organization of 32 AML and two MDS cases with MYC-containing dmin. The minimally amplified region was shown to be 4.26 Mb in size, harboring five known genes, with the proximal and the distal amplicon breakpoints clustering in two regions of 500 and 600 kb, respectively. Interestingly, in 23 (68%) of the studied cases, the amplified region was deleted in one of the chromosome 8 homologs at 8q24, suggesting excision of a DNA segment from the original chromosomal location according to the 'episome model'. In one case, sequencing of both the dmin and del(8q) junctions was achieved and provided definitive evidence in favor of the episome model for the formation of dmin. Expression status of the TRIB1 and MYC genes, encompassed by the minimally amplified region, was assessed by northern blot analysis. The TRIB1 gene was found over-expressed in only a subset of the AML/MDS cases, whereas MYC, contrary to expectations, was always silent. The present study, therefore, strongly suggests that MYC is not the target gene of the 8q24 amplifications.
INTRODUCTION
Double minutes (dmin)-the cytogenetic hallmark of extra-chromosomal genomic amplification-are small, paired, acentric chromatin bodies [(1) and references therein]. Different hypotheses have been proposed to explain how these circular structures, at times reaching several megabases in size, arise (2 -4) . In one model, the dmin, as well as the related homogeneously staining region (hsr) formation, is thought to be generated as a consequence of breakage-fusion-bridge cycles (5) . An alternative proposed mechanism is the 'deletion-plus-episome' model (also known as 'episome model') (6 -11) , which postulates that DNA segments are excised from the chromosome, circularized and amplified by mutual recombination to produce dmin, or integrated into chromosomes to generate hsr. Data in support for this hypothesis have reported interstitial deletions of genes corresponding to the ones amplified in the dmin (12 -16) . Furthermore, episomes that gradually enlarge to dmin, with concomitant deletions, have been documented in Chinese hamster ovary cells (6) and in human neuroblastoma cell lines (17) . In other instances, however, no deletions corresponding to the amplified chromosomal sequences were detected (18 -21) .
In order to clarify the mechanisms underlying the formation of dmin, we have performed a detailed genomic analysis of 34 acute myeloid leukemia (AML)/myelodysplastic syndrome (MDS) cases with MYC-containing dmin, using fluorescence in situ hybridization (FISH) and, when possible, quantitative polymerase chain reaction (PCR), junction sequencing and northern blot expression status of candidate genes in the amplified region. The results clearly supported the excision episome model for dmin genesis and strongly suggest that MYC is not the target gene of the amplification.
RESULTS
Clinical and cytogenetic features of the 34 AML/MDS cases are summarized in Supplementary Material, Table S1 . FISH analysis with appropriate probes showed that dmin had large inter-and intra-individual size variation, and that the amplified MYC region was occasionally present both as extra-chromosomal dmin and intrachromosomal hsr (Supplementary Material, Fig. S1 ). In 23 (68%) of 34 cases, the MYC probe did not hybridize to one of the chromosome 8 homologues (Supplementary Material, Table S1 ), indicating an accompanying submicroscopic deletion of the corresponding 8q24 segment; no deletions were observed in the remaining 11 (32%) cases (Supplementary Material, Figs S1 and S2). In two del(8q) cases (13 and 26) , the deletion was observed in only a subpopulation of cells with MYC-containing dmin (12 and 96%, respectively), indicating the presence of two different clones with MYC amplification; these clones are referred to as 'a' (major clone) and 'b' (minor clone) (Supplementary Material, Fig. S1B ). Additional chromosome 8 rearrangements further differentiating the 'deleted' and 'non-deleted' clones were identified in these two cases (Supplementary Material, Figs S1 and S2).
Sizes of the amplicons and interstitial deletions
In order to map precisely the proximal (PB) and distal (DB) breakpoints of the amplified genomic segments in the dmin, we utilized panels of bacterial artificial chromosome (BAC) clones ( Fig. 1 ) selected according to the UCSC database (http://genome.ucsc.edu). In each dmin-positive case, reiterative FISH experiments were performed to identify BAC clones encompassing the breakpoints. These clones were identified if: (i) they consistently yielded fainter FISH signals on the dmin when compared with the signals on the normal chromosome(s) 8; (ii) the partially-overlapping proximal and distal clones yielded opposite results (negative or positive) on dmin; and (iii) these results were consistent with the position of PB or DB. The overall results are summarized in Figure 1 (examples in Supplementary Material, Fig. S2 ). The PBs mapped within an interval of 500 kb (from 126 000 000 to 126 500 000) in 33 cases (97%) (Fig. 1A) . In case 26, the two different clones with dmin [26a with del(8q) and 26b without del(8q)] displayed different PBs. The DBs were scattered within a 3.7 Mb region (from 130 760 000 to 134 440 000), with most breakpoints (86%) within a 600 kb interval (from 130 760 000 to 131 360 000) (Fig. 1B) . Cases 26, 30 and 32 harbored two subpopulations with different DBs. The amplicons in cases 29 and 32 were discontinuous, with both cases showing similar internal deletions, delineated by the clones RP11-976L13 and RP11-1146N6 (data not shown), a finding observed in only these two of 34 analyzed cases. By FISH mapping (Figs 1 and 2 ), the size of the amplicons varied from 4.29 Mb (case 8) to 7.83 Mb (case 9), with a commonly amplified segment of 4.26 Mb, harboring five known genes [from cen to tel: TRIB1, NSE2, AF268618, MYC and AK093424 (Fig. 2) ].
In 14 (61%) of 23 cases with 8q24 deletions (Supplementary Material, Table S1 ), the del(8q) corresponded with the amplified segments on the dmin by FISH studies (Fig. 2 ). This conclusion was based on the observation that: (i) the same BAC clone displayed a fainter signal on both the dmin and the del(8q) or on the derivative chromosomes in cases 13, 26 and 27 (Supplementary Material, Fig. S2A , SD -SF); and (ii) the flanking clones on both the dmin and the del(8q) showed consistent results. These data strongly indicate dmin formation by excision. In the remaining nine cases (39%), the deletions were larger than the corresponding amplified segment (Fig. 2 (Fig. 3) were located within SINEs, including Alu (PB in case 2) and mammalian interspersed repeat (MIR) elements (PB and DB in case 23). The PB in both the del(8q) and the dmin in case 18 (Fig. 4 ) were mapped within a human self-chain alignment region (a region of the human genome where multiple DNA chains align). All other breakpoints were located within single copy sequences. Taken together, these results indicated that homologous recombination (HR) could have triggered a circularization event between two SINE (MIR) elements in only one case (case 23). Sequence analysis of the dmin junctions in cases 2 and 8 revealed a circularization event accompanied by an insertion of six and 19 nt, respectively; in addition, the insertion in case 8 contained a partial duplication of a 15 nt sequence flanking the breakpoint (Fig. 3) . Non-homologous end-joining (NHEJ) microhomologies of two nt (CT) and four nt (ATTT) were detected at the amplicon junctions in cases 18 and 23. A two nt (AT) microhomology was also found at the deletion junction in case 18. Case 19 had an 'end-to-end' fusion between the proximal and the distal ends of the amplicon.
Interestingly, the PB and DB of the del(8)(q24q24) in case 18 were mapped 230 and 40 bp proximal to the PB and DB, respectively, of the amplicon (Fig. 4) .
Bioinformatic analysis
GenAlyzer analysis did not reveal any extensive similar sequences in the chromosome 8 regions containing the PB and DB that could trigger a chromosome rearrangement resulting in dmin formation (data not shown). Consequently, we searched for other genomic properties of the target regions that might explain the clustering of the PB and DB. The results of the MAR-Wiz analyses are summarized in Supplementary Material, Fig. S4 . The PB and DB cluster regions were located in two regions of low and infrequent matrix attachment region (MAR) potential. The proximal region contained three genes (ZNF572, KIAA0196 and FLJ324440) within a 500 kb sequence and the distal region contained three genes (MLZE, FAM49B and DDEF1) within a 600 kb sequence, i.e. a gene density of one gene/167 kb and one gene/200 kb, respectively. The deleted/amplified region, on the other hand, contains only five known genes within a 4.3 Mb segment, i.e. a gene density of one gene/ 860 kb. Furthermore, the breakpoint cluster regions were shown to be poor in inter-genic, non-coding DNA, with the included genes being large and containing many exons, whereas the amplified region was found to be mainly noncoding, containing small genes with 1-3 exons. Thus, the PB and DB cluster regions are poor in MARs and rich in genes. Over-expression of TRIB1 but not of MYC Northern blot analyses of cases 6, 7, 8, 11, 12, 23, 27, 32 and 33 revealed over-expression of TRIB1, compared with AML and MDS cases without dmin or þ8, in two of them (23 and 27) , and a slight increase in case 6. Over-expression of MYC was not observed in any of these cases (Fig. 5 ). We have also searched for the presence of miRNAs in the amplified region, but no experimentally validated miRNAs were found (UCSC database http://genome.ucsc.edu).
DISCUSSION
In the present study, 34 AML/MDS cases with 8q24/MYC amplifications in the form of dmin (32 cases) or hsr (two cases) were analyzed in detail. Our results can be summarized as follows: (i) deletions corresponding to, or larger than, the amplicons were predominant (68%), suggesting postreplicative excision of circular DNA (episome) as the mechanism behind the dmin formation; (ii) the commonly amplified segment was 4.26 Mb in size and included four known genes in addition to MYC; (iii) even though the gene copy number of MYC was increased up to 45-fold, the gene was not over-expressed; (iv) the TRIB1 gene was over-expressed in a subset of the cases; (v) the PB of the amplicons clustered within a 500 kb region in all but one case, whereas the DB clustered within a 600 kb region in 86% of cases; (vi) the circularization event of the amplicon appears consistent with error-prone NHEJ rather than mediated by HR; and (vii) the PB and DB cluster regions correspond to chromosomal segments with fewer MARs and more genes than the amplicons.
Expression studies
Detailed FISH mapping identified a commonly amplified 4.26 Mb genomic segment harboring five known genes [from cen to tel: TRIB1, NSE2, AF268618, MYC and AK093424; Fig. 2] . In a previous, two-case, investigation of MYC-containing dmin in AML/MDS, northern blot analyses showed no expression of AK093424, low expression of MYC, normal expression of NSE2 and AF268618, with overexpression of TRIB1, suggesting that TRIB1, not MYC, was the most likely amplified target gene (22) . The present study adds further support to the exclusion of MYC as the target gene, despite the fact that its copy number was increased 17-to 45-fold ( Fig. 5 and Supplementary Material, Fig. S3 ) and further suggests that TRIB1, with over-expression in just two cases 23 and 27 ( Fig. 5 ), may not be the critical gene either; however, a potential role for MYC at tumor initiation or early progression cannot be categorically excluded. Examples of discrepant gene copy number and expression levels have been reported in literature (23 -25) . Similarly, other undetected mutation(s), elsewhere in the genome, cannot be excluded as well. Regardless, dmins persistence, despite their intrinsic mitotic instability, strongly supports a proliferation advantage role for dmin.
Excision model
The majority (68%) of investigated cases harbored interstitial 8q24 deletions corresponding to the amplicons. Similar deletions have been reported in AML and MDS with MYCcontaining dmin (12,22,26 -30) , MLL amplification (13) A novel finding in the present study was the remarkable agreement, at the molecular cytogenetic level, of the deletions and amplicons. This observation and the integration of excised segments into various chromosomes (hsr formation), followed by intra-chromosomal amplification, as observed in cases 10 and 14, is most consistent with a mechanism of excision, circularization and subsequent amplification or the episome model (6, 9) . The finding that 11 (32%) cases did not show a concomitant del(8)(q24q24) does not oppose this conclusion: it may only indicate that the excision event was postreplicative. The circular element may segregate randomly with either normal or del(8q). Conversely, it is also possible that the deletions subsequently were 'corrected' as a result of somatic recombination between the two chromosome 8 homologues, a possibility consistent with the high frequency of partial uniparental disomies recently reported in AML (31, 32) . The present finding of two separate dmin-carrying populations-with and without del(8q)-in cases 13 and 26 would agree with both these possibilities.
Dmin breakpoint properties
Because the vast majority of PB and DB grouped together within two 'breakpoint cluster regions' (Fig. 1) , a search of Mb proximal to the distal region) but its extension has, as yet, not been ascertained. Thus, common fragile sites may overlap with both breakpoint cluster regions identified in this study. However, size differences, i.e. 4 Mb of FRA8C versus 500 kb of the PB cluster region, and the elusive nature of aphidicolin-inducible fragile sites make it difficult to conclude that these fragile sites were involved in the genesis of the dmin. Considering that the dmin contained the MYC, the gene targeted by translocations in Burkitt lymphoma (BL), T-cell acute lymphocytic leukemia (T-ALL) and multiple myeloma (MM), it is tempting to speculate that the 8q24/MYC region is prone to chromosomal breakage and rearrangement. However, it should be stressed that the translocation breakpoints in BL and MM are located very close, within 1 Mb proximally and distally, to the MYC gene (34, 35) , whereas the PB and DB cluster regions in the dmin map 2 Mb proximally and distally to MYC. Molecular cloning and sequencing of the amplicon junctions in five cases showed that the amplicon breakpoints were located in non-homologous genomic regions (Fig. 3) ; a finding not consistent with a circularization event triggered by HR pairing between repeated sequences. Only case 23 showed amplicon junctions within a SINE (MIR) element. In higher eukaryotes, NHEJ-an alternative mechanism to error-free HR-has evolved to maintain genomic integrity after induction of DNA double-strand breaks (DSB) (36, 37) , which may occur after exposure to ionizing radiation and DNA topoisomerase II inhibitors, well-known agents associated with leukemogenesis (37, 38) . Conversely, error-prone NHEJ has been suggested to be involved in the generation of chromosome rearrangements, including deletions and translocations (39) , and in many instances this repair process occurs at free ends showing either microhomologies of a few nucleotides or at ends displaying no homologies (40) .
Vogt et al. (41) reported fusion of the amplicon ends mediated by microhomology-based NHEJ in six of seven dmin-carrying gliomas cases. In the present study, sequencing of the amplicon junctions showed nucleotide microhomologies in two of five cases (cases 18 and 23); the remaining three cases either displayed a blunt junction (19) or had insertions at the junctions (2 and 8) (Fig. 3) . In case 8, 15/19 inserted nt corresponded to a partial duplication of the sequence flanking the DB, whereas the five nt segment inserted at the junction in case 2 was of unknown origin. Taken together, these results show that microhomology-based NHEJ is not the only mechanism involved in the fusing of the free ends of dmin. Furthermore, the failure to clone the junctions in cases 17, 19, 26 and 29 may indicate that the genomic architecture at the ends of the amplicons in these cases was even more complex, for example large insertions or heterogeneous amplicons sizes (cases 26 and 29), than in those that could be analyzed. In case 18, the junction on the del(8)(q24q24) was in agreement with the sequence junction of the amplicon, i.e. the PB and DB of the deletion-mapped 230 and 40 nt, respectively, centromeric to the PB and the DB of the amplicon. Thus, the amplified and deleted segment was identical except for a 230 nt proximal gap and a small 40 nt distal overlap (Fig. 4) , the latter of which may be explained by the fill-in of the protruding single strand ends generated at DSB (42) . In this case both the deletion and amplicon junctions were the result of a 2 nt microhomology-based NHEJ.
Because low copy repeat regions have been reported to play an important role in triggering inter-and intra-chromosomal HR in neoplasia-associated chromosomal abnormalities, such as t(9;22)(q34;q11.2) in chronic myeloid leukemia (CML) (43) and i(17)(q10) in AML, CML and MDS (44), a search for low copy chromosome 8 repeats surrounding the entire amplicon was performed (UCSC database, WSSD Duplication and Segmental Dups tracks). No intra-chromosomal duplicons were identified. However, the breakpoint cluster regions had fewer MARs but more genes than the amplicons (Supplementary Material, Fig. S4 ). Although these findings do not agree with previous results showing co-localization of MAR elements with the breakpoints in the AML-associated t(8;21)(q22;q22) (45) , in the FRA16B AT-rich island (46) , and in a topoisomerase II sensitive region in Chinese hamster (45 -47) , they are in accordance with the study by Hensel et al. (48) who reported MLL and AFF1 (AF4) breakpoints in the ALL-associated t(4;11)(q21;q23) are usually located outside MARs.
The reason behind the fragility of the two identified breakpoint cluster regions could possibly be ascribed to the chromatin status of these regions. Transcribed DNA is less packed than inactive chromatin, and it is tempting to speculate that open chromatin is more vulnerable to DNA damage leading to chromosomal rearrangements (49 -51) . Considering that the breakpoint cluster regions harbored more genes than the amplicons, the former would be expected to have a higher transcription activity, less condensed chromatin structure and potentially more sensitive to DNA damage or enzymatic cleavage.
Concluding remarks
Although a complete understanding of the amplification processes underlying the dmin phenomenon remains a challenge, the current study provided the first sequence-based evidence supporting the episome model, and strongly suggests, contrary to expectations, that the MYC is not the target gene of dmin amplification.
MATERIALS AND METHODS

Patients
Thirty-four AML/MDS cases with MYC-containing dmin were collected from 14 different laboratories in Europe, US and Australia, comprising the largest series of dmin-positive AML and MDS cases reported to date. Basic clinical and cytogenetic features of the patients are listed in Supplementary Material, Table S1. The median age was 70 years (range 34 and 86 years) with 22 females and 12 males. All but two patients presented with AML, including 11 unclassified, five M1, 13 M2, one atypical M3, one M4 and one M5; the two
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remaining cases were unclassified MDS and chronic myelomonocytic leukemia, respectively. In eight (24%) patients, dmin were found as the sole anomaly, eight (24%) additional cases displayed two karyotypic changes and the remaining 18 (53%) cases were cytogenetically complex.
Molecular cytogenetic analyses
MYC amplification was initially screened by FISH using the LSI C-MYC probe (Abbott, Rome, Italy), mapping to 8q24, or with the P1 artificial chromosome (PAC) clone RP1-80K22 (GenBank accession no. AF315312) covering the MYC gene. The MYC-containing dmin were then further characterized and mapped using contigs of BAC and PAC clones (Fig. 1) , at 8q22-24, previously used to identify the breakpoint regions in 8q24-positive dmin (22) . All clones belonged to the RP1 and RP11 libraries (http://www.chori. org/bacpac). Whole chromosome painting probes for chromosomes 3, 4 and 8 were derived from flow-sorted chromosomes (generously provided by Dr. Nigel Carter, Sanger Centre, Cambridge, UK) and amplified by degenerated oligonucleotide probe PCR. The a-satellite probe pZ8.4 (52) was used to identify the centromeric region of chromosome 8. Co-hybridization experiments were performed by directly labeling the BAC/PAC clones with FITC-, Cy3-or Cy5-conjugated dUTP by nick-translation. Some of the probes were labeled with biotin -dATP and then detected with diethylaminocoumarin (DEAC)-conjugated streptavidin. FISH was performed as previously described (53) . Digital images were obtained using a Leica DM-RXA2 epifluorescence microscope equipped with a cooled CCD camera (Princeton Instruments, Boston, MA). Cy3 (red), fluorescein (green), DEAC (blue), Cy5 (infra red) and DAPI (blue) fluorescence signals were detected using specific filters. Images were separately recorded as gray-scale images. Pseudocoloring and merging of images were performed using the Adobe Photoshop software. BAC clones that consistently yielded fainter FISH signals on the dmin, comp.
Multicolor-FISH
M-FISH, used to characterize the 8q24-amplification in the form of hsr in cases 10 and 29 (Supplementary Material, Fig. S1C ), was performed in accordance with the manufacturer's instructions, using the commercially available 24-colour SpectraVysion probe (Abbott) (54) . High-quality metaphase images were captured using a Leica DM-RXA2 epifluorescence microscope equipped with an eight-position automated filter wheel and a cooled CCD camera (Princeton Instruments). Six fluorescent images were captured per metaphase using filter combinations specific for SpectrumGold, SpectrumAqua, SpectrumGreen, FRed, Red and DAPI. Images were processed using the Leica CW4000 M-FISH software.
Amplicon analyses
Level of amplification. DNA was available in 13 of the 34 cases. The level of 8q24 (MYC ) amplification in the 13 cases was determined by real-time PCR, with DNA from a healthy individual as a control. DNA was extracted from fresh or stored (2808C) bone marrow samples according to standard methods. The DNA was amplified using the Applied Biosystems Real-Time PCR System 7300 using the SYBR Green PCR or the TaqMan PCR kits (Applied Biosystems, Monza, Italy). The PCR conditions were as follows: 2 min at 508C, 10 min at 958C, followed by 40 cycles of 15 s at 958C and 1 min at 608C for all the primer pairs and probes used. All measurements were performed at least in triplicate. Primers and probes were designed with the Primer Expressw software v2.0 (Applied Biosystems). The primers were selected using the BLAT tool in the UCSC Human Genome Browser (55) (http://genome. ucsc.edu/cgi-bin/hgBlat); care was taken to avoid amplification of possible homologous sequences in other chromosomal locations (primer sequences available upon request). The level of MYC amplification in the dmin was calculated using the relative quantification approach based on the DDCt method (56) , which calculates the difference between the DNA quantity of the target gene and of the reference gene (RNAseP; Applied Biosystems) for each sample (DCt). This value was then compared with the human genomic control DNA (Applied Biosystems) which is used as a calibrator (DDCt ¼ DCt sample 2 DCt calibrator). The relative quantity (RQ) of DNA is determined as 2DDCt, with the number of copies of the target gene in each sample tested being 2 Â RQ.
Mapping of the dmin junctions at the sequence level. In nine cases (2, 4, 8, 17, 18, 19, 23, 26 and 29) , sufficient amount of DNA was available for detailed characterization, at the sequence level, of the PB and DB, respectively of the amplicons. Multiple primer pairs that mapped at 10 kb intervals within the BAC clones spanning the breakpoints were designed and used to perform real-time PCR experiments, using DNA from a healthy individual as a control, in order to identify regions of switch between amplified and nonamplified sequences. The 10 kb segment encompassing the breakpoint was further narrowed down using the same approach, i.e. by selecting additional primer pairs within that region.
Junction sequencing. The information derived from the realtime PCR experiments described earlier, was utilized to design appropriate forward and reverse primers mapping in the DB and PB regions and used in long-range PCR experiments, with the aim of sequencing the dmin junction regions. Furthermore, in cases 18, 23, 26 and 29, the junctions in the del(8q) were investigated using long-range PCR with forward and reverse primers selected on the basis of the sequences flanking the amplicons on the dmin. In case of positive results, nested PCR experiments were performed. The long-range PCR analyses were performed using TaKaRa LA Taq TM (Cambrex Bio Science, Milan, Italy), and the nested PCR products containing the junction fragments were sequenced using the Big Dye Terminator Sequencing kits (Applied Biosystems). Reference genome sequence data were obtained from the UCSC browser (http://genome. ucsc.edu/cgi-bin/hgGateway?db¼hg17; May 2004 release), and sequence comparison was performed using the BLAST software tool (www.ncbi.nlm.nih.gov/BLAST/). Vectorette PCR. Cloning of the dmin junctions was performed using the Vectorette PCR experiments, using the Universal Vectorette TM System (Sigma Genosys, Milan, Italy) to, were performed on cases 4, 17, 26 and 29, in which the long-range PCR analyses were unsuccessful (see Results). After digestion of 1 mg DNA with HindIII and EcoRI (Roche) and ligation with T4 DNA ligase (Sigma Genosys) of the corresponding Vectorette units to the digested ends of the DNA samples, Vectorette PCR was performed according the manufacturer's protocol (http://www.sigma-genosys.com).
Northern blot analysis
Total RNA from the patients' bone marrow and control cells was extracted using the Trizol reagent as described by the manufacturer (Invitrogen, Stockholm, Sweden). Sufficient amounts of good quality RNA, between 2 and 5 mg, were obtained in nine cases. Total RNA were electrophoresed in 1% formaldehyde/formamide gels, blotted as described (58) , and subsequently hybridized with 32 P-labeled probes generated by PCR amplification (primer sequences available upon request) of the genes investigated. The identity of all probes was verified by sequencing, using the BigDye mix (Applied Biosystems, Warrington, UK). The signals were detected by phosphorimaging. b-Actin was used as a probe to verify equal loading and successful transfer of RNA. The expression patterns of TRIB1 and MYC were analyzed. These genes were chosen because of previous evidence that TRIB1-and not MYC-may be the target of 8q24 amplifications in hematologic malignancies (22) . The NSE2, AF268618 and AK093424, which also map within the commonly amplified segment (see Results), were not analyzed because a previous study showed that these genes were not over-expressed in AML and MDS with MYC-containing dmin (22) .
Bioinformatics and sequence analyses
The chromosome 8 sequences used for bioinformatic analyses were obtained from the UCSC Genome Browser website (http://genome.ucsc.edu/cgi-bin/hgGateway?db¼hg17; May 2004 release).
Low copy repeat analysis. Segmental duplications occurring within an 8 Mb genomic segment (chr 8: 124 550 000 -132 550 000), including the entire 8q24 amplicon, were searched for using GenAlyzer, a program of the REPuter family (http://www.genomes.de/) (59), on a sequence downloaded from the UCSC website (ftp://hgdownload.cse.ucsc. edu/).
MARs potential analysis. Putative MARs were mapped by the use of MAR-Wiz 1.5 (http://www.futuresoft.org/MAR-Wiz/), which predicts matrix association potential (MAP) using the following criteria: AT and CG-richness, sequence motifs for curved and kinked DNA, presence of topoisomerase II recognition sites, and replication origins. Unmasked sequence data were submitted in 500 kb segments. The default settings for generating MAPs were used, except the clipping parameter. The latter value was modified in order to obtain graphs where the MAPs ranged from 0 to 18. The graphical outputs of the MAPs were aligned to form a single graph in Adobe Photoshop CS 8.0. Each peak represents the MAP value of a 1 kb sequence window. According to the MAR-Wiz online instructions, all the normalized peaks having MAP values greater than 10.8 (threshold value representing 0.6 times of the maximum value of 18) should be considered as hypothetical MARs. High MAP values in three successive windows strongly suggest the occurrence of a MAR.
